parsed into groups, surfaces and objects (e.g., Palmer, 1999) . Subsequently, attention is assumed to act upon these perceptual groups, guiding attention to coherent objects.
Studies investigating object-based attention typically show superior performance in detecting attributes of the same object compared with detecting attributes of different objects when it is ensured that the absolute spatial positions are equivalent (e.g., Duncan, 1984; Vecera, 1994; Watson & Kramer, 1999) . Egly, Driver & Rafal (1994) introduced a now classic paradigm to investigate object-based attention.
Observers viewed displays consisting of two adjacent vertically or horizontally oriented rectangles (similar to the display shown in Figure 1) . After a few seconds, an abrupt onset cue was presented at one end of one of the rectangles.
This abrupt onset cue automatically summoned covert attention to the end of the rectangle while observers maintained fixation in the center of the display. Observers had to detect the onset of a target (a white square) appearing at the end of one of the rectangles. The target could appear at the cued location but could also occur at the other end of the cued rectangle (invalidly cued sameobject) or could appear at the same distance from the cue at the end of the other rectangle (invalidly cued differentobject). The typical finding is that detection of targets presented at validly cued locations is fast. More importantly however, detection for invalidly cued same object cued targets is faster than detection of targets presented at the same distance in the other object (invalidly cued different object). The reaction time difference between same and different objects is the classic objectbased attention effect.
Since the publication of this classic study, this result has been replicated in various ways using different variants of the original paradigm (e.g., Behrmann, Zemel, & Mozer, 1998; Moore, Yantis, & Vaughan, 1998; Hecht & Vecera, 2007; Lamy & Egeth, 2002; Mortier, Donk & In press, Attention, Perception & Psychophysics 2 -Object-based eye movements Theeuwes, 2003; Vecera, 1994; Watson & Kramer, 1999) .
The prevailing view to explain these findings is that that once a part of an object is attended, attention automatically "spreads" throughout the boundaries of the object. When a target is presented within the boundaries of an attended object it is detected more quickly than when it is presented within another object.
Even though there has been a great deal of research addressing the conditions that foster covert objectbased attention, much less is known about how the perceptual grouping of a scene into objects affects overt attention (i.e., eye movements). Does the eye prefer to stay within the same object or is there a preference to switch between objects? This question is important because recent studies have revealed that the relationship between covert and overt attention may not be as straightforward as previously assumed (see Belopolsky & Theeuwes, in press; Hunt & Kingstone, 2003; Juan et al., 2004) . For example, Hunt and Kingstone (2003) showed a dissociation between attentional allocation and eye movements. In their dual task study saccade preparation did not result in an enhancement of target detection at the location of the prepared saccade and maintaining attention did not result in facilitation of saccade initiation to the attended location (see also Klein, 1980) . It is therefore not immediately clear whether the object-based attention effect would translate into a corresponding preference for eye movements to stay within an object.
The present study addressed the relationship between object-based attention and eye movements. To this end we adapted the paradigm introduced by Egly and colleagues (1994) When the target object was presented at a different object, observers were slightly less likely (71%) to saccade directly to the target. Even though this suggests that observers prefer to shift gaze within an object rather than between objects, it is important to note that the McCarley et al. study only applies to the special case in which, after executing the first saccade, observers have full preview of the target and distractors. So given that a target is present within the same object there is a tendency to stay within the same object. Therefore, the tendency to move the eyes more often within the same rather than between objects may be the result of differences in allocating covert attention to the potential target location before saccade execution. In the present study we wanted to address the more general question whether observers prefer to inspect locations within rather than between objects when no attentional preview is possible. In other words, if one fixates one part of an object is there a tendency to choose as a next fixation a location within or between objects?
The current study investigated whether people are biased to make eye movements within rather than between objects. To ensure that no preview attentional preview was possible we presented very small letters at the four ends of the two rectangles. Because these letters were too small to Object-based eye movements -3 discern using peripheral vision, foveation was necessary to determine the identity of the letters. This ensured that if any object-based effects were to be found they could not be attributed to attentional preview effects. In addition to this saccade condition, we also included an attentional condition to ensure that with our stimuli we would obtain the classic object-based attention effect.
Method
Participants -The observers were thirteen paid volunteers, ages 19 through 45 years, recruited from the community of the University of British Columbia. All observers had normal or corrected-to-normal visual acuity and were naïve as to the purpose of the experiment. One observer was excluded from analysis, because fixation was lost in too many trials (69%).
Apparatus -Eye movements were recorded using an Eyelink II (SR Research), a video-based eye tracker with a temporal resolution of 2 ms, a spatial resolution of 0.1°, and a maximum average gaze position error of 0.5°. Only the left eye was recorded. Eye movement data was recorded on a 1.8GHz Pentium 4 laptop. The experiment was run on a 3GHz Pentium 4 PC, using a 17" non-flat CRT display with a resolution of 1024x768 px and a refresh rate of 60Hz. The experiment was conducted in a dimly lit room. Observers were requested to place their chin on a chin-rest, the height of which was adjusted to their comfort.
Stimuli -Each trial started with the presentation of a gray fixation dot in the center of a black display (see Figure 1 for an example trial). Drift-correction was performed using this fixation dot as a reference point. 800ms after driftcorrection, two gray rectangles (12° x 2°), filled with a darker shade of gray, were presented at a distance of 5° from the fixation dot. With equal probability, the orientation of these rectangles was vertical, in which case they were presented to the left and right of the fixation dot, or horizontal, in which case they were presented above and below the fixation dot. After 600ms a cue (a 3° x 1° gray rectangle) was flashed for 50ms in the corner of one of the rectangles, immediately followed by four letters, presented in each of the four corners. In validly cued trials (66% of the trials), the target letter ("E" or "H") appeared at the cued location. In invalidly cued, within-object trials (17% Figure 1 . A schematic representation of an example trial in the saccade condition. Because the target letter ("E") and the cue are presented at the same location, this example depicts a validly cued trial. Note that the actual letters were very small to ensure that observers had to make a saccade to discern the identity of the target letter (not drawn to scale).
4 -Object-based eye movements of the trials), the target letter was presented at the opposite end of the same rectangle. In invalidly cued, betweenobject trials (17%) the target letter was presented at the same end of the other rectangle. The target letter was never presented at the opposite end of the other rectangle, relative to the cue. At the three other locations, distractor letters ("S", "b", and "P") were randomly presented, each letter being presented once. In the attention condition, the target letter (1.8° x 1.8°) was large while the other letters were small (0.4° x 0.4°). In the saccade condition all letters were small (0.4° x 0.4). Letters were constructed of an equal number of line segments such that they were no luminance differences between the letters. The letters were presented until a manual response was given.
Procedure and design -In the attention condition, observers were instructed to maintain fixation at the center fixation dot. They were told that their eyes were monitored.
In the saccade condition, they were instructed to make saccades to find the target letter. Observers were required to make a speeded response regarding the identity of the target letter by pressing the "Z" key if the letter "E" was presented, and the "/" key if the letter "H" was presented. It The order of sessions was counterbalanced. Observers were told that the target letter would appear with a high probability at the cued location.
Results
In the attention condition, trials in which gaze deviated more than 2° from the fixation dot were discarded from analysis (8.1%). For each observer the RT standard deviation (STD) was subsequently calculated per condition.
Trials with an RT more than 2 times the STD below or above the mean RT (per subject, per condition) were discarded (4.7%). Trials in which observers gave an incorrect manual response were low (3.0%) and not further analyzed. Fixations within a radius of 3° of the center of a letter were considered to be on a letter. Small fixations within this area were considered to be the same fixation.
In the saccade condition, trials in which gaze deviated more than 2° from the fixation dot, before the presentation of the cue, were discarded (10.5%). Trials with a RT more than 2 times the STD below or above the mean RT (per subject, per condition) (3.4%), and trials in which an erroneous manual response was received (2.5%) were excluded from the analysis.
In the attention condition, mean manual RT for the validly cued condition (M = 464 ms, SE = 7.6) was significantly faster than that for either the invalidly cued same-object (M = 489 ms, SE = 10; t (11) = 5.0; p < 0.001) or invalidly cued different-object condition (M = 501 ms, SE = 11.0; t (11) = 6.2; p < 0.001). More importantly, the difference between the invalidly cued same versus invalidly cued different-object condition was reliable (489 indicate 95% within-subjects confidence intervals (Cousineau, 2005) Object-based eye movements -5 ms versus 501 ms; t (11) = 2.4; p < 0.05) signifying the classic object based attention effect. Note that this objectbased attention effect of 12 ms is very comparable to the classic object-based effect reported Egly et al. (1994) as well as object-based attention effects reported in other studies using similar displays (e.g., Hecht & Vecera, 2007; Richard, Lee, & Vecera, 2008; Mortier, et al., 2003) In the saccade condition, manual RTs for the validly cued condition (M = 802 ms, SE = 45) were significantly faster than that for either the invalidly cued same-object (M = 1487 ms, SE = 53 ms; t (11) = 17.2; p < 0.001) or invalidly cued different object condition (M = 1629 ms, SE = 56; t (11) = 16.6; p < 0.001). Clearly also in the saccade condition we found an object-based effect on manual RT: in the within-object condition observers responded faster (M = 1487 ms) than in the between-object condition (M = 1629; t (11) = 3.2; p < 0.01). Figure 2 provides these results. Subsequent analysis on saccades indicated that in 92.7 % of the trials saccades initially went to the cued location. After fixating the cued location, observers were more likely to make a saccade within the same object (M = 55.8%; SE = 3.3) than between objects (M = 39.9%; SE = 2.8; t(11) = 3.2; p < 0.01). Observers hardly made any diagonal saccades across the display to the location that never contained the target (M = 6.3%). See To check whether observers had any attentional preview of the target letter while fixating the invalidly cued location, we determined the extent to which a saccade within an object depended on the identity of the soon to be fixated letter. If observers could preview the letter within the object while fixating the invalidly cued location one would expect that the probability of making a saccade within the same object would be higher when the letter in the object was a target rather than a distractor letter. Our results indicate that the probability of making a second saccade within the object did not depend on the identity of the soon to be fixated letter. When the letter within the object was a target, in 54.7% of the trials the eyes stayed within the object; when the letter within the object was a non-target, in 48.7% of the trials observers stayed within the object. These numbers are not significantly different (t(11) = 1.36; ns) providing evidence that attentional preview was not possible.
Discussion
The present study provides clear evidence for object-based control of eye movements. In a display in which we obtained the classic object-based attention effect, we also found an object-based effect on the control of saccades.
Even though the potential target locations were located equidistant from the cued target position, observers were much more likely to make a saccade within the same object than between different objects. Our findings confirm and extend those of McCarley et al., (2002) in showing that even when there is no opportunity for extra-foveal processing of the target identity, observers still are more likely to saccade within rather than between objects. In other words, when no attentional preview is possible, 6 -Object-based eye movements independent of where the target object is located, there is a tendency to stay within the same object. If one fixates one part of an object, observers like to choose as a next fixation, a location within that same object.
The RT pattern obtained in the attention condition is very similar to the pattern obtained in the condition in which observers have to make a saccade (see Figure 2) .
Not surprising however the absolute manual RTs in the saccade condition were much larger than those in the attention only condition because in the saccade condition observers had to make one, possibly multiple eye movements before they could emit a response. Also as expected, in the saccade condition the manual RTs reflect the eye movement pattern obtained: because observers were more likely to make a saccade within rather than between objects the manual RTs in the within object condition were much faster than those in the between object condition. The current conclusion is consistent with the classic spreading of attention account of object-based attention (e.g., Vecera, 1994; Richard, et al., 2008) . Our results replicating the object-based attention effects suggest that once attention is captured by the abrupt onset to one side of the object, attention spreads within the object.
Subsequently, one should ask the question why observers are more likely to make a saccade within the object than between objects. There are at least two possible (potentially related) explanations for this effect. First, if one assumes that attention precedes an eye movement as has been shown before (Deubel & Schneider, 1996; Godijn & Theeuwes, 2004) then one can explain the within-object saccadic benefit as a result of the attentional benefit.
Because attention spreads to the other side of the object, observers are more likely to execute a saccade to the location that is already "attentionally activated" than to the other object location that is not activated. Even though this is feasible it seems less plausible because the saccadic system needs a clear peak of focused attentional deployment to be able to launch a saccade (e.g., Godijn & Theeuwes, 2002) . The spreading of attention within the whole object does not seem to provide the distinct peak of localized activity that the saccadic system requires to launch a saccade. An alternative explanation of the current findings is related to biased competition ideas of Desimone and Duncan (1995) . Although biased competition typically refers to spatial attention, it is believed that there may also be competition between objects (e.g., Vecera, 2000) . In this scenario, biased competition will lead to representation of one object, while the representation of other objects is inhibited (see also McCarley et al., 2002 for similar ideas).
In the current experiment competition was presumable biased towards selection of the cued (and therefore attended) object, resulting in inhibition of the unattended object. Because the representation of the unattended object is suppressed, observers are less likely to make a saccade to this object. According to this notion, the object-based saccade benefit is not necessarily due to attention preceding the saccade at the within-object location but is due to object-based biased competition suppressing the unattended object.
